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The state of Sarawak has the lowest electricity coverage in the rural areas as 
compared to the other states in Malaysia. Due to the variable tropical climate in Sarawak, 
getting reliable power supply is an issue when solar Photovoltaic (PV) systems are 
connected to the microgrids. The existing microgrid power supply based solar PV systems 
in the longhouse communities of Sarawak poses many problems mainly cause by the 
stages of conversion, energy losses and the quality of power transfer. The introduction of 
a renewable energy system that will serve as a remedy towards Sarawak electrification 
issue where it has the lowest electricity coverage in rural areas as compared to other states 
in Malaysia due to its geographical condition and low electricity demand. This report will 
assist on direct current (DC) microgrid system issue by conducting a study on standalone 
solar DC microgrid configuration with different DC distribution levels and configuration 
namely, ring and radial. The solar PV topologies for DC microgrid have been modeled 
and dynamically analyzed using MATLAB. Additionally, each configuration has 
experimentally been validated to measure the parameters such as voltages, currents and 
power losses. The obtained results show that the configuration of ring connection is more 
3reliable than radial connection. The outcome of this study is the backbone of developing 
an approach to control the power losses in an isolated DC microgrid from the main grid, 






Negeri Sarawak mempunyai liputan elektrik yang paling rendah di kawasan luar 
bandar berbanding negeri-negeri lain di Malaysia. Oleh kerana iklim tropika yang 
berubah-ubah di Sarawak, mendapatkan bekalan kuasa yang boleh dipercayai adalah satu 
isu apabila sistem solar Photovoltaic (PV) disambungkan kepada mikrob. Sistem bekalan 
tenaga solar yang berpusat di rumah panjang di negeri ini menimbulkan banyak masalah 
terutamanya disebabkan oleh tahap penukaran, kehilangan tenaga dan kualiti pemindahan 
kuasa. Pengenalan sistem tenaga boleh diperbaharui yang akan berfungsi sebagai 
penyelesaian terhadap isu elektrifikasi Sarawak di mana ia mempunyai liputan elektrik 
yang paling rendah di kawasan luar bandar berbanding dengan negeri-negeri lain di 
Malaysia disebabkan keadaan geografi dan permintaan elektrik yang rendah. Laporan ini 
akan membantu isu sistem mikrogrid arus terus (AT) dengan menjalankan kajian 
mengenai konfigurasi microgrid AT solar yang berasingan dengan tahap pengedaran AT 
yang berbeza iaitu ring dan radial. Topologi solar PV untuk microgrid DC telah 
dimodelkan dan dinamik dianalisis menggunakan MATLAB. Di samping itu, setiap 
konfigurasi telah disahkan secara eksperimen dengan mengukur parameter seperti voltan, 
arus dan kehilangan kuasa. Hasil yang diperoleh menunjukkan bahawa konfigurasi ring 
lebih dipercayai daripada sambungan radial. Hasil kajian ini adalah tulang belakang untuk 
membangunkan satu pendekatan untuk mengawal kerugian kuasa di mikrogrid AT 
terpencil dari grid utama, yang dicadangkan untuk kerja-kerja masa depan. 
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1.1 Project Background 
 
Nowadays, problems such as increasing environmental problems and energy 
security problems as well as concerns about the exhaustion of fossil energy sources has 
arises. This cause renewable energy sources to get more attention around the world [1]. 
Therefore, renewable energy sources are rapidly used as an alternative to solve the 
problems and to support conventional sources [2]. Negative impact on the environments 
can also be reduced with the help of renewable energy sources. The most ill-will impact 
that occurred these days cause by conventional energy sources is carbon dioxide emission 
[3]. 
 
Solar photovoltaic (PV) system is defined as the generation process of electrical 
power. This is done when direct current electricity form from conversion of  solar 
irradiation using semiconductors which exhibit the photovoltaic effect [4]. There are two 
types of solar energy namely grid-connected and standalone PV system. Standalone solar 
PV systems converts sunlight energy into electricity energy without connecting to local 
utility grids. 
 
This solar PV system can be connected to alternating current (AC) microgrid or 
direct current (DC) microgrid and each of these connections have its own advantages and 
disadvantages. AC microgrid has capability to integrate with conventional utility grid and 
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can support AC equipment like induction motors. On the other hand, in DC microgrids 
there is no reactive loss besides, it also can support DC loads like microwave oven, hair 
dryer, common lighting and many more without using any converter. However, DC 
microgrid is superior in term of its control since it is very much simpler than AC 
microgrid.  
 
 In designing the microgrid, it is crucial to determine the configuration of the 
connection used to distribute the electrical power. There are two types of configuration 
in designing microgrid for solar system which are ring connection and radial connection. 
Suits its name, for ring connection, both ends of the ring are connected to the same 
terminals while for radial connection, the circuit is linear to the main power.  Both 
connections will affect the efficiency of the solar system therefore, the study on the effect 
of each configuration become crucial.  
 
Besides that, the presence of method called Maximum Power Point Tracking 
(MPPT) also will give different result in the efficiency of the solar PV system. This MPPT 
is a converter that converts DC to DC. Align with that, it matches all the components in 
solar PV system all together to ensure all of the components synchronizes according to 
their function respectively [5]. 
 
1.2 Problem Statement 
 
Sarawak is the largest state in Malaysia with 2.619 million population and 22% 
of this population is consist of the rural communities in Sarawak. These communities in 
the rural areas are still relying on noisy and expensive diesel generator. This is because 
these areas have bad road connectivity which makes it tough to obtain right way for 
constructing transmission lines. Therefore, some several remote villages are powered by 
diesel generator, however the usage of diesel generator cause a high electricity production 
cost and diesel transportation issues [6]. 
 
Due to the location that are remote from the electrical grid, the communities that 
lives in these rural places experience the limitation of access to modern energy because it 
is difficult to extend the main grid in the areas of terrain and thick jungle.  Having to 
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supply electricity to these rural areas from utility grid through transmission lines also will 
only results in many losses. Despite that, according to Datuk Seri Dr Stephen Rundi 
Utom, the State Utilities Minister, state government target to achieve full electrification 
by 2025 however currently some 30,400 households in rural areas had yet to enjoy 24-
hour electricity supply [7]. 
 
Therefore, to solve this problem, the implementation of solar microgrid is 
favourable since Sarawak gets a lot of irradiation. Currently, the technologies of DC 
microgrid is increasing day by day since more research has been done. However, the 
tropical climate and geographical in Sarawak such as the inconsistent solar irradiation, 
changing temperatures, high humidity and heavy rainfall will be the main restrain to 
implement solar DC microgrid system. Hence, it is crucial to identify the best connection 
of DC microgrid system either ring connection or radial connection configuration. 
 
Since the effectiveness of the development of the solar DC microgrid systems 
relies on the connection, it is a requirement to ensure that the system have the best 
connection with the most minimal loss. Hence, this project is conducted related to the 
figuring out the differences affect by the two connection and identify the best connection 
to be use in solar DC microgrid. Therefore, these configurations will be identified and 
analyse by using MATLAB Simulink software and hardware experiment. 
 
1.3 Project Hypothesis 
 
This project is conducted and analysed based on the project hypothesis where ring 
connected solar DC microgrid configuration has better power flow reliability and 
efficiency than radial connected solar DC microgrid configuration. 
 
As for the alternate hypothesis, radial connected solar DC microgrid configuration 







1.4 Project Objectives 
 
The objectives of this study are: 
i) To setup experiments and develop simulation of DC microgrid system based 
on ring and radial configuration. 
ii) To study and compare the performance analysis of ring network and radial 
network of DC microgrid configuration. 
iii) To identify the more reliable arrangement of microgrid for Sarawak rural areas   
 
1.5 Project Scopes 
 
This project is concerning the power flow operation of the solar DC microgrid 
system as the source proportional to the condition of Sarawak weather. The scope of this 
project is to evaluate the power flow performance of solar DC microgrid based on specific 
operation mode. Other than that, the scope is to analyse the power flow performance on 
both ring connection and radial connection of solar DC microgrid configuration through 
MATLAB Simulink simulation and hardware-based laboratory experiment. Then, the 
scope is also to identify and conclude the best configuration to be used for solar DC 
microgrid system for Sarawak weather condition either ring connected or radial 
connected microgrid configuration. 
 
1.6 Thesis Outline 
 
The outline of each chapter is as follows: 
Chapter 1 briefly discuss the definition of solar photovoltaic system, short details 
of microgrid DC system and its advantages. It also gives a brief view of electrification 
specifically on the rural area in the largest states in Malaysia, Sarawak. The poor 
electrification in some places in Sarawak rural areas leads to the idea of the project to 
identify a practical way to solve the issue hence stating the objectives and scope of work 
to do the study. 
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While for chapter 2, the literature review includes on past research reviews that 
are connected to this study. It starts with introduction on renewable energy that mostly 
used these days and acceptability of renewable energy around the world. Then followed 
by giving the relatable statistics of renewable energy installed in Malaysia the challenges 
faced. Next, an in-depth discussion on microgrid, the comparison of AC and DC 
microgrids, ring network and radial network microgrid are also included. Other than that, 
study on DC distribution level voltage also included in this chapter to help in 
understanding this project further and finally the description of power flow analysis is 
also put into this chapter. 
The methodology part is where the steps taken to do this study is discussed. The 
objectives of this study are achieved by following the method used in this chapter that 
was done accordingly by four stages which are design stage, development stage, testing 
stage (which are done by using simulation with software and experimental hardware) and 
analysis evaluating stage.  
Results and discussions is all about the findings of this study after conducting the 
steps in methodology parts. This chapter tabulates the related data and brief comments 
are also given after the analysis of the results. The results given will be analysed and 
discussed as detailed as it can be to do the next chapter. 
Finally, chapter 5 concluded the study. After doing the simulations in both 
hardware and software, the best system is concluded in term of reliability. This study can 











2.1 Renewable Energy 
 
Energy that will not be replenished or do not run out within a human’s life time 
are called renewable energy. The foremost common examples are solar, wind, biomass, 
hydropower and geothermal. Non-renewable sources like fossil fuels can be in distinction 
with the presence of these renewable energy. Since sunlight are capable of being captured 
directly to be used in solar technologies, most of renewable energy are produces directly 
or indirectly from the sun. Wind energy also drive by the sun's heat where turbines 
captured the energy. In order to grow, plants depend upon the sun and the energy can be 
stores and will be used for bioenergy. However, not all renewable energy sources depend 
upon the sun. For example, tidal energy depends on the gravitational force of the moon, 
hydropower depends on the flow of water and geothermal energy utilizes the Earth’s 
internal heat [8]. 
 
The requirements of renewable energy sources depend upon the technology 
used. Selecting the sort of renewable energy depends on the climate for example wind 
speed and solar irradiance, capital investment, social acceptance and spaces 
available. The foremost common variety of sources that used to power base stations 
are solar and wind generators. Solar panels need to absorb sunlight to give out electricity. 
Thus, panels ought to face the best direction to maximize the generation of energy. 
However, it is also possible to direct panels to maximize its energy production in specific 
periods of the day for instance the height of the power grid. For each wind turbines  and 
solar panels, it is essential to know the proper size of the energy supply to satisfy the 
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energy demands, taking into consideration the available spaces within the targeted base 
station site [9]. 
 
2.1.1 Acceptability of renewable energy 
 
The selection of energy has global effects that have an impact on 
greenhouse emissions, water resource distribution, mineral consumption, and 
equipment producing and transportation. Therefore, the idea of using renewable 
energy technologies brings better-will than several current sources of energy used. 
There is a desire for verification of the sustainability of renewable energy, which 
might simply be done by resource-use improvement, techno-economic feasibility 
and value analysis, life cycle assessment, environmental externalities analysis, 
price advantages analysis, manufacturing analysis, analysis and development 
targets [10]. 
 
From 1992 onward, it has become a prime priority for the 
governments altogether in European countries in the regard of renewable energy 
because of the increasing global awareness regarding global climate change and 
insufficiency of fossil fuels [11]. 
 
 




As can be seen in Figure 2.1, many developing countries shows an 
increasing usage of renewable energy. This indicates that renewable energy 
getting to be accepted more and more around the world. This case same goes to 
Malaysia where the government also coming out with various initiatives to 
introduce renewable energy to Malaysia. To date, in Peninsular Malaysia, the 
development of renewable energy has been introduced. The basis between willing 
seller, Tenaga Nasianal Berhad (TNB) and willing purchaser, SREP developers 
made this possible through Renewable Energy Power Purchase Agreement 
(REPPA). However, the development is progressing slowly due to the shortage of 
sturdy commercial mechanism to support renewable energy. Therefore, Feed in 
Tariff involves buying power from Renewable Energy developers at premium 
price, under the Renewable Energy Act and Action Plan have been proposed by 
government in 2012. By this way, it is predicted that the development of 
renewable energy will be extended with the introduction of this mechanism [12]. 
 
Table 2.1:  Projection of renewable energy capacity generations (cumulative) for 2015-
2050, MW [13]. 
Year  Biomass Biogas Mini-Hydro Solar PV Solid Waste Total 
2015 330 100 290 65 200 985 
2020 800 240 490 190 360 2080 
2025 1190 350 490 455 380 2865 
2030 1340 410 490 1370 390 4000 
2050 1340 410 490 18700 430 21370 
 
Starting from the year it was introduced, renewable energy installed in 
Malaysia shows an increment and predicted to keep increasing as shown in Table 
2.1.  This therefore influence the government to be interested in developing solar 
energy, where it is aimed that the power utility-grid in Peninsular Malaysia to be 
connected with 300MW of renewable capacity. Nonetheless, in Malaysia, the 
development of renewable energy is still in the early stage, therefore, to increase 
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the growth of renewable energy more aggressively, Parliament has passed 
Sustainable Energy Development Authority (SEDA) Act 2011 and Renewable 
Energy Act 2011 [14]. 
 
2.1.2 Challenges in Implementing Renewable Energy in Malaysia 
 
New technologies bear a specific amount of uncertainty, so this creates a 
barrier for its development. This uncertainty ends up 
in high funding costs for research. Besides that, developers become uninterested 
in investing in renewable energy power projects because of poor pricing between 
national utility and potential investors. Other than that, another factor is that the 
reliability of fuel supply become more significant caused by the uncommitted fuel 
suppliers to have a long-term agreement with the developers of renewable energy 
project. The next problem regarding renewable energy generation is the lack of 
expertise associated to the inefficient energy management, equipment handling, 
efficient practices and availability of technology to work on the renewable energy 
besides there are also uncertainties in some technologies that are considered to be 
not suitable. Last but not least, another barrier faced by Malaysia in implementing 
renewable energy is that there is a lack of information and awareness on the 
advantages of renewable energy. Some survey has been made and resulting that 
many Malaysian are not truly educated as yet in terms of awareness of the need 
to harness renewable energy as shown in Table 2.2. Therefore, in Malaysia, Center 
for Education and Training in Renewable Energy and Energy Efficiency need to 
find ways to overcome these issues in such a way to increasing the knowledge 









Table 2.2:  Interest level in solar energy of Malaysian respondent [16]. 
Level of public interest in 
solar energy 
Frequency Percentage 
Agree 318 79.50 
Disagree 23 5.80 
No opinion 59 14.80 
Total 400 100 
 
2.2 Solar Photovoltaic  
 
Solar energy uses the energy and light from the sun that can provide homes, 
businesses and industry with light, heat, cooling and electricity. Solar power that is 
referred to as renewable energy (because it will always available as long as the sun 
continues to shine) is a method that transforms solar irradiation energy into electricity. 
Since solar energy brings many advantages, serious efforts are taken in order to utilize 
solar energy effectively. To implement this, storage systems and solar energy collection 
are used to improve the performance of energy exchange devices employed [17]. 
 
Solar photovoltaic (PV) is the conversion of sunlight into electricity directly and heat 
engine are not required in this process. This device is craggy and simple in term of style 
as there are layers of a semi-conducting material inside each cell and the cell can convert 
sunlight into electricity. It requires little maintenance and their biggest good-will is that 
reliability to allow outputs from microwatts to megawatts from their construction as 
stand-alone systems. Since 1960, after the study on research on semiconductors (III–V 
and II–VI) based solar cells was carried out, the number of demand for photovoltaics is 
rising every year with such an unlimited array of applications [18]. Around the world, 
industries income can be contributed by solar PV since it is a reliable and cost-effective 





Figure 2.2: Production of  world PV cell/module, MWp [19]. 
 
The reason why solar PV gets the great response is because it brings along so 
many advantages such as it does not cause pollution when in use. Other than that, when 
comparing the solar power with the power technologies that is existing, the cost of 
operation it is extremely low to build any solar power plant. This is because, with 
intervention after their initial set-up or little maintenance, solar PV installations can be 
operating for many years. The next advantage of solar PV is that during peak demand 
times, all or some of the highest-cost electricity used from solar electric generation are 
replaced. From this way, it can help to reduce grid loading and in times of darkness, it 
can eliminate the necessity of the usage of local battery power [20]. 
 
2.3 DC Microgrid System 
 
According to the research in journal titled “DC Microgrid Technology: System 
Architectures, AC Grid Interfaces, Grounding Schemes, Power Quality, Communication 
Networks, Applications, and Standardizations Aspects”, protection issues and voltage rise 
can cause the distributed generations into utility AC grids to increase in its penetration 
even though it have already shown promise in the developments in distributed generations 
recently such as grid connected renewable energy sources. The problems will also cause 
rise in the challenges for security, reliability and quality of the utility grid. Therefore, for 
future electrical power system, the new concepts, which known as microgrid have been 




The research paper also states that power network with low voltage that consist of 
distributed energy sources such as distributed generation and loads is call as a microgrid. 
To solve the problem of local energy demand, the idea of microgrid came out by 
connecting distribution networks to distributed power sources such as the local 
substations with no further expansion of the expensive centralized utility grids [21]. 
 
According to author, through an interfacing power converter or a direct 
connection, normally microgrids are interconnected to medium voltage or to low 
distribution networks. In this case, it will send power to utility grid back during excess 
generation of power and also the opportunity to get power from the utility grid is also 
available. If any fault occurs, the microgrid will as fast as possible disconnects from the 
utility network. Not only that, by using varies methods of control such as a droop control, 
microgrid can controls its load, and the microgrid operates in an islanding mode when it 
is in such condition.  Besides that, microgrid have special characteristics which can help 
in the improvement of the reliability, security and quality of power grid and also the local 
customers. This characteristics is defined as smart grid requirements quality of the grid 
and also local customers [21]. 
 
Despite the good-will of DC microgrid, there are also several problems regarding 
the clusters of microgrids on operation of the real time. Some of example of the issues 
are power flow of each cluster that are near-optimal, communication that is secure 
between microgrids in each cluster, and also optimal interaction of each agent. According 
to the study made by author in “A comprehensive cloud-based real-time simulation 
framework for oblivious power routing in clusters of DC microgrids” in solving the 
problem in clusters of DC microgrids which is the optimal power routing, novel cloud-
based approach is proposed. Therefore, they want to introduce oblivious network routing 
design where DC links in a multi-terminal DC system in a meshed configuration are used 
for every cluster includes multiple microgrids. 
 
Within the planned framework, with extra power generation to the microgrid the 
energy is transmitted to limited power microgrid to provide the loads internally. The 
objective of this strategy is to keep power loss minimum through the network besides to 
manage congestion through the DC lines as it is reliable to each radial and ring power 
network of various scales and arbitrary range of microgrids. Finally, the study concludes 
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that the using oblivious power routing approach, optimal power routing for a multi-
terminal DC system including 6 microgrids as in Figure 2.3 [22]. 
 
 
Figure 2.3: Results of optimal power routing for a multi-terminal DC system 
using oblivious power routing approach including 6 microgrids. (f: Line power flow) 
[22]. 
 
2.4 DC Distribution Levels 
 
In the current power infrastructure, it is necessary to convert the power supplied 
by devices such as PV with DC source into AC which can cause more losses and 
complexity for transmission and distribution. Nowadays, the DC load amount in buildings 
such as monitors, computers, and other electronics in the workplaces and houses is rising. 
Therefore, this causing more and more losses and complexity as it causes the forces to 
another conversion of the AC power to DC. To tackle this problem, two converters must 
be implemented for DC sources that supply DC loads under the infrastructure of current 
power system. However, significant losses in the system will be the result when using 
this type of power system where converting the DC to AC first, then return the AC back 
to DC. The study in the research paper concludes that when there is equal ratio on the 
loads meaning to say 50% DC loads and 50% AC loads, DC and AC distribution systems 
can have the same merit. Also, according to the study, the difference in the level of DC 
distribution also results in different amount of losses as shown in Figure 2.4. Proportional 
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to the voltages, the total losses of the DC system were that are varied  and are provided 
in kW [23].  
 
 
Figure 2.4: Maximum operation of DC power system efficiency [23]. 
 
2.5 Microgrid Configuration 
 
2.5.1 Ring Network Microgrid 
  
Ranging from very small system to large system, there are many possible 
configurations in microgrid. Some important factors that can be included while 
designing possible microgrid architecture such as number of customers, types of 
the load to be provide, length of the grid, voltage levels used, feeder configuration, 
reliability levels, control and protection methods. According to these factors, it is 
known that there is no specific system configuration that can be universally 
applied to the microgrid since a large range of sizes and configurations may be 
applied for microgrid [24].  One of the possible configurations to build microgrid 




Figure 2.5: Ring distribution network [25]. 
 
The authors of “Protection of Low Voltage Ring Bus Type DC Microgrid 
System with Probe Power Unit” uses a ring bus configuration for their research. 
DC microgrid ring configuration is created by modelling two or more renewable 
energy sources, battery storage and load in the main grid. Then, converters either  
bi-directional or uni-directional are connected to the DC bus respectively 
according to the requirement [26]. 
 
The advantage of ring connection is that it is known as the most organized 
network because its joining nodes to each other to forms a closed loop. Besides 
that, several protection zones can be implemented on both buses either positive or 
negative ring buses. This configuration performs better, and it is more reliable 
when comparing it to a radial network even with increasing loads. The ring’s 
distributor is still energized by the other feeders connected to it even in the case 
of a fault or maintenance required on one feeder. In addition, if needed, different 
parts of the network can be isolated at appropriate points [25]. 
16 
 
2.5.2 Radial Network Microgrid 
 
Radial network (as shown in Figure 2.6) is the commonly used system for 
power distribution grids. The radial grid has no close loops involve and it form 
tree shape connection and therefore without tracking down the original bus, power 
can still be delivered from one bus to another bus. However, while turning 
backwards, there will be necessary to find the original bus. Radial network has 
the advantages in term of its simplicity and its low cost for an electrical grid. 
However, power will also lost when all the lines downstream if a line is 
disconnected for some reason when using this topology. This topology has a 
configuration which begins from where the generation is connected,                                                                                                                                                                                                                                                                                     
and this is called root node. Then followed by lateral line to the root node or main 
node in radial network. This line starts from the main feeder and connecting loads 
while lateral line is the start line for sub-lateral line and lastly, sub-lateral line 
begins from the minor lines. Since in power distribution system it is one of the 
most commonly used approaches, radial network configuration can be analysed 
somewhat as an extension of conventional power grid distribution system [27].  
 
According to the author, radial network benefits as a radial connection 
system’s circuit protection scheme is relatively simple to coordinate and design, 
and also determining the components rating needed is quite easy [28]. Besides 
that, another advantage of radial connection is that it can easily implement its 
voltage compensation technique with reactive power compensators [29]. The 
proper selection of conductors can eliminate voltage differences besides reducing 
the noise induced by heavy equipment on the line while unequal conductor lengths 
result in different voltages at each load. Therefore, according to the author, radial 
network is the simplest because it feeds at only one end besides it has a low initial 




Figure 2.6: Radial distribution network [25]. 
 
2.6 DC Microgrid Analysis 
 
According to study made in “Analysis and review of DC microgrid 
implementations’ research paper, the growing need for sustainability positions of the DC 
microgrid as a possible answer to a growing drawback. Both the consumer and utility grid 
experience increase in efficiency and simplicity of a DC microgrid infrastructure through 
decreased cost of operation and cheaper electricity respectively. However, to create DC 
microgrid infrastructure it requires meriting further investigation on the implementation 
cost as well as the need for significant investment and resources within the current AC 
grid. Besides that, before reaching a standard implementation of DC microgrids, the 
innovation in DC microgrid design and architecture will need to progress. It is said that a 
potential solution to an expensive barrier is the development of electric vehicles as energy 
storage devices, but seamlessly integrate would be required for this solution in the 
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transformation of current technology. It is also necessary to do future research into 
electricity price structures, utility provider cooperation and transitional requirements of 
present AC dependent products. Nevertheless, the author concludes that DC microgrids 
possess strong support as the energy of the future, despite current barriers to DC microgrid 
implementation [30].   
 
Due to the advantages of the simplicity to control with no reactive power concern 
and low converter cost, the main power supply system for the future sustainable homes 
and buildings will be nominated by DC microgrid. In the design of the DC power supply 
system, the system-level stability is a serious issue. The system instability caused by the 
overlap between the load input impedance and output impedance of paralleled converter 
[31]. 
 
In a typical DC microgrid system in a village, a house will generally use a 
maximum power of ranging about 100W to 150W which consist mostly of multiple DC 
fans, DC light bulb and a DC to AC converter or inverter for other electrical appliances. 
To ensure lower power loss during transmission, many countries especially those who 
develop DC system into their grid uses High Voltage Direct Current (HVDC) for 
transmitting DC power from source to loads. However, HVDC may not be needed since 
this is a DC microgrid system within a village so Extra Low Voltage Direct Current 
(ELVDC) is used instead. ELVDC grids are normally used in vehicles, in lower power 
usage application such as lighting applications with common system voltages 12 V, 24 V 
or 48 V [32]. 
 
A 24 V or 48 V DC is proposed as voltages used in the DC transmission system 
since the village loads mainly consist of lighting system and low power loads as it 
provides better system level efficiency while avoiding power loss through conversion and 
power factor. Besides that, lower system voltage can offer a longer lifetime to DC loads 
and higher safety level during maintenance as compared to conventional AC microgrid 
system [33].  
 
A DC microgrid in village model is commonly simulated using the Newton 




𝑃𝑖  =  ∑𝑗=1
𝑛 |𝑉𝑖||𝑉𝑗||𝑌𝑖𝑗|𝑐𝑜𝑠(𝛳𝑖𝑗 − 𝛿𝑖𝑗 − 𝛿𝑖𝑗)  Equation 2.1 
𝑄𝑖  =  ∑𝑗=1
𝑛 |𝑉𝑖||𝑉𝑗||𝑌𝑖𝑗|𝑠𝑖𝑛(𝛳𝑖𝑗 − 𝛿𝑖𝑗 − 𝛿𝑖𝑗)  Equation 2.2  
 
 Shunt capacitance or series inductive reactance are not present in the transmission 
line for DC hence reduces the admittance matrix to conductance matrix as line offers only 
resistive impedance. Besides that, for a DC source, there will be no phase or power angle 
between the voltages of the buses in the load and also it is assumed that the reactive power 
supplied is zero therefore, after the reduction, Newton Raphson formulation for DC 
system is such in Equation 2.3 [34]: 
 
𝑃𝑖  =  ∑𝑗=1
𝑛 |𝑉𝑖||𝑉𝑗||𝑌𝑖𝑗|   Equation 2.3 
 
 Hence, due to its simplicity and robustness, it help engineers and contractors to 
save time for power flow analysis while having almost reliable results during planning 
stage and before proceeding to the installation of the DC microgrid system towards the 
village [35]. 
 
2.7 Research Gap 
 
Based on the reviews above, it is understood that the implementation of DC 
microgrids in rural areas of Sarawak is another alternative method in order to provide 
electricity to loads in rural areas. This is because, it is simply too uneconomical for the 
utility to connect their transmission lines there concerning the bad road condition. 
However, it is also understood that the climate behaviour in Sarawak causes some 
considerations on the reliability of solar PV as power source especially its power flow 
reliability and efficiency due to the heavy rainfall, higher density cloud and weather 
disparity throughout the year. By conducting a comparative study on two configurations 
which are a ring network and radial network configurations of solar DC microgrid system, 











This chapter will discuss about the flow of chronologies and methods that are 
implemented in this research that will guide to finish the works. A scheduled process is 
done throughout the research to make it more systematic, organized and easier to 
troubleshoot if need any adjustment. The first three steps are further explained in this 
chapter (Chapter 3: Methodology) while the fourth stage is explained in the next chapter 
(Chapter 4: Results and Discussion). 
i. Stage 1: Project Design 
ii. Stage 2: Project Development 
iii. Stage 3: Project Testing 
iv. Stage 4: Project Analysis and Evaluation 
 
Figure 3.1: Stage of Overall Project Development. 
Design Developing Testing Analyse
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3.2 Project Design 
 
In making this project, firstly the design stage of the project had begun on the first 
week of the semester after the project title is decided. After that, a simple DC microgrid 
system with their main components was designed. Then, the project proceeded by 
designing both ring network and radial network configuration for both hardware and 
software modelling. 
 
The initial design of the system consists of two configurations as represented in 
Figure 3.2 and 3.3. In ring network design, both ends will be connected with each other 
and give power to three loads while the radial network configuration is the arrangement 










































Figure 3.3: Radial network solar DC Microgrid Design. 
 
The design of the DC microgrid system used consists of solar PV panels that are 
connected separately (multi-source) as an energy source, solar charge controller using 
MPPT (Maximum Power Point Tracker) to control the charging level, lead-acid batteries 
as energy storage devices, and a 12V DC load. The diagram of the solar DC microgrid 
system is referred to model design diagram illustrated in Figure 3.4. 
 













It was decided for this project to have two solar panels, two solar charge 
controllers, two batteries and three loads to fulfil the objective of the project. To represent 
the real-world loads, the loads will consist of a rheostat and DC light bulb with the total 
estimated power usage range of between 10W to 30W so that the power can be controlled. 
This indicates the fluctuating power usage of the real-world loads. The solar panels will 
be represented by the DC bulb as an indicator on whether it receives enough power by its 
variation of brightness. These extra components will be used to create both ring network 
and radial network microgrid connection with the total estimated power rating of 100-
200W and voltage of 12V or 24V which is mostly used in light household power usage.  
 
3.3 Project Development 
 
The development stage continues from the second stage which is the design stage 
and its starts by collecting the input parameters and needed components for the design of 
DC microgrid system. Then, both software and hardware will be constructed according 
to the planned design and will be elaborated in detail in the subtopics. 
 
3.3.1 Data Collection for Simulation Input 
   
The process starts by selecting the simulation software for the project 
testing and MATLAB is decided for the simulated software counterpart of the 
methodology. MATLAB is chosen because it had been used in numerous projects 
and one of them includes DC microgrid system and from the Literature Reviews 
(Chapter 2), mostly researchers uses MATLAB in their researches regarding DC 
microgrid and solar PV system. After deciding the best software to be used, input 
parameters for the software system are searched and collected. 
 
 Tenmars Electronics CO TM-206 (Figure 3.5) and the Non-Contact IR 
(Infrared) Thermometer which is Extech Instruments 42509 (Figure 3.6) are used 
to collect the crucial input parameters in this project, which are irradiation and 




Figure 3.5: Solar Power Meter. 
 
 
Figure 3.6: Non-Contact IR Thermometer. 
 
The solar power meter is placed at stand-up position in order to measure 
the irradiance input to the solar panel. As shown in Figure 3.7, to ensure that the 
angle of incidence is the same for both solar power meter and the solar panels, 
with the sun, the meter is placed besides solar panels that are placed flat on the 
ground.  Meanwhile for the next parameter which is temperature input, it is 
measured by pointing the IR thermometer to the middle of solar panels surface as 
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shown in Figure 3.8. Then, both measurements are displayed on their LCD display 
and these are the inputs that are recorded and used for the simulation.  
 
 
Figure 3.7: Solar Power Meter input data measurement. 
 
Figure 3.8: IR Thermometer input data measurement. 
 
According to these journals which conducts a simulation test on DC 
microgrid system [37], the units for both parameters are W/m2 and °C 
respectively. Therefore, the meters are set to measure the irradiance and 




Figure 3.9: Reading of; Solar Power Meter (left) and IR Thermometer (right) 
with units. 
 
These parameters are collected on a specific duration and data to ensure 
accurate output results for comparison purpose. For this research, the data used is 
collected within the period of 9 am to 4 pm and located at (1˚28’6” N, 110˚25’39” 
E) Faculty of Engineering, Universiti Malaysia Sarawak (UNIMAS). 
 
 





Figure 3.11: Faculty of Engineering (red square) in UNIMAS [38]. 
 
This location is selected as it is an open area and it is free from obstacle or 
free from building shades that can allow solar panel to receive sunlight during the 
whole sunny day.  
 
3.3.2 Simulation of Software Model Design 
  
Both ring and radial configuration of DC microgrid system is built in 
MATLAB as a form of control data.  According to journal that conduct designing 
and simulation of a DC microgrid in PSCAD [37], in designing DC microgrid the 
ratings of system components such as PV rating, battery capacity, size of the load 
from the real existing system need to be taken as the reference. Therefore, the 
design system in this simulation is based on data obtained as in previous part 





3.3.2.1 PV Array 
 
In this simulation the PV arrays are used form in-built library 
model for solar PV array that is available in MATLAB Simulink. The 
model must be configured by specifying the cell temperature and 
irradiance data. Based on the voltage and power requirement, a parallel 
combination of solar cells and modules are customized and form multiple 
source. The solar panel are constructed by configuring the settings of the 
PV array model according to the specification provided by the 
manufacturer as shown in Figure 3.14.  Then, to validate the solar PV 
characteristic curves, it was compared to the characteristic curves provided 
by the manufacture for different irradiances, which are shown in Figure 
3.15. 
 
Figure 3.12: PV array modelling in MATLAB. 
 




Figure 3.14: PV array hardware module specification description [39]. 
 
 





Figure 3.16: PV array simulation modelling performance characteristics. 
 
As seen in Figure 3.16, the simulated solar panels perform 
similarly towards its hardware counterparts in both I-V Curve in varying 
temperature and irradiance. Therefore, the deviation of the simulation 
software and hardware experiment results that can affect this comparative 
study should be reduced. 
 
  3.3.2.2 Battery  
 
In the MATLAB Simulink, there is an in-built library model 
available for battery. This battery is based on lead-acid type and having 
the capacity of 12 Ah. The initial state-of-charge is set to 70% for the 
healthy operation of the battery. 
 
Figure 3.17: Battery modelling in MATLAB. 
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Figure 3.18: Properties of battery modelling in MATLAB. 
 
The setting of the battery is done by configuring it 
according to manufacturer specifications as shown in Figure 3.19 
and compare its performance.  
 
 
Figure 3.19: Battery module specification description [40]. 
32 
 
  3.3.2.3 Solar Charge Controller 
 
Since solar charge controller is not a built-in in MATLAB 
Simulink, to create solar charge controller, 3 main terminals are used 
consisting of PV array terminals, battery terminals and load terminals. All 
of these three parameters have positive and negative terminals respectively 
resulting in 6 terminals overall for this solar charge controller. Then this 
small circuit of solar charge controller created in a subsystem component. 
 
 
Figure 3.20: Solar Charge Controller subsystem modelling in MATLAB. 
 
  3.3.2.4 Rheostat  
 
Rheostat in this simulation is used as the variable resistance load 
as it controls the current. Similar with solar charge controller, rheostat is 
not a built-in component in MATLAB Simulink, hence to create rheostat, 
subsystem need to be created which consist of a voltmeter, current 
controlled source and division model.  
 
  
Figure 3.21: Rheostat subsystem modelling in MATLAB. 
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  3.3.2.5 Diode  
 
Diode is also used in the simulation in order to avoid any 
possibility of reverse in power flow when the system is tested. Diode are 
connected at all the 3 buses available to each load and the same 
specification of diode are used for each bus. 
 
Figure 3.22: Diode modelling in MATLAB. 
 
  
Figure 3.23: Properties of diode modelling in MATLAB. 
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  3.3.2.6 Cable 
 
The cables that are 5 meters and above are measured in resistance 
and are built in the simulation through RLC branch model which is 
configured as resistance (R) only branch. Since the system is a DC system, 
therefore, no inductance (L) or capacitance (C) used in this simulation. 
 
 
Figure 3.24: Cable resistance modelling in MATLAB. 
 
 
Figure 3.25: Properties of cable resistance modelling in MATLAB. 
 
  3.3.2.7 Result Viewer 
 
To view the result of the system from the simulation, the 
component namely scope is used. This component is used to observe the 
result of various parameters needed such as current, voltage and power. 
Scope is connected to the output of the component to view the signal 





Figure 3.26: Scope modelling in MATLAB. 
 
The components then arrange according to the design and therefore, both 
configurations of ring and radial solar DC microgrid system are built as shown in 
the Figure 3.27 and 3.28 below: 
 
 









Figure 3.28: Radial network DC microgrid system in MATLAB. 
 
3.3.3 Component Selection for Hardware Experiment 
  
Before beginning the hardware experiment process, the selection of the 
components to be used in building the system is done. The criterion that become 
the benchmark in the selection process is the overall power rating must be 100W 
DC microgrid. Therefore, Figure 3.29 below shows the main components that 
were selected. Other components also chosen as listed below: 
 
i. Solar PV panel 
ii. 2 Batteries  
iii. 3 Rheostats  
iv. 3 DC Bulbs 
v. Cables 
vi. Switches 
vii. Strip connector 










Solar PV panel 
 















3.3.4 Experiment of Hardware Model Design 
 
The building stage starts with assembling the solar kit which consists of 
the solar panels, solar charge controller and their respective cable connectors. As 
for the DC loads, the 3 bulbs are connected to their own rheostat through a 
terminal connector strip for an uncluttered arrangement. The constructed design 
for ring connection DC microgrid configuration is presented in Figure 3.30 where 
two out of three shared loads are connected to the PV system which consist of a 
solar panel, solar charge controller and a battery. 
 
 
Figure 3.30: Ring configuration solar DC microgrid system hardware. 
 
As for the radial network DC microgrid configuration which can be seen 
in Figure 3.31, the end of the wire in load number 3 is connected back to the source 





Figure 3.31: Radial configuration solar DC microgrid system hardware. 
 
3.4 Project Testing 
 
 Both hardware experiment and software simulation will be tested in this stage. 
These are done by putting in the input parameters then the output data will be recorded, 
and these results will be analysed and evaluated on the next stage. 
 
3.4.1 Hardware Experiment Test  
   
  All components are ensuring to be functioning properly by testing 
each component before the system testing stage is proceeded. The testing of 
components is conducted by ensuring: 
i. Solar panels are tested under bright sunlight condition and their voltage, 
current, and power output are checked through Open Circuit Voltage 
(VOC) and Closed-Circuit Current (ISC). 
ii. Charge Controller is tested at the load and battery terminals with constant 
DC source as its input and its voltage, current and power output are 
checked. 




iv. Rheostats are tested through its resistance and power absorbed value when 
connected to a constant DC source. 
v. Bulbs are tested by its light output when connected to a low voltage DC 
source. 
 
Next, after all the components are tested and ensured that everything 
functions properly, all of the components are arrange into both ring and radial 
configuration (with loads). The configuration of the circuit must be referred 
to the design in (3.2 Design Stage). This testing stage also be done at the same 
place where the data collection location takes place. As shown in Figure 3.32, 
the solar panels are placed as far as possible (more than 5 meters from each 
other), indicating the multiple-source DC microgrid. 
 
 
Figure 3.32: Multiple-source DC microgrid. 
 
 For the other parameters that are useful to calculate the power; current and 
voltage are also measure at every bus in this experiment. The device used in 
measuring these two parameters are Fluke 15B+ digital multimeter (Figure 




Figure 3.33: Fluke 15B+ digital multimeter.  
 
 
Figure 3.34: Fluke 317 digital clamp. 
 
3.4.2 Software Simulation Test  
 
For the software simulation, the testing is conducted by putting in the input 
parameters such as irradiances and temperatures obtained from (3.3.1 Data 
Collection for Simulation Input). Then, the data are imported into the DC 
microgrid (that has been done in 3.3.2 Simulation of Software Model Design) in 
the MATLAB by using “from spreadsheet” model which is readily built-in the 
MATLAB Simulink library. As in the Figure 3.35 below, the output data can be 
exported back to spreadsheet through “to workspace” model and xlswrite code. In 
short, the input data is imported to the MATLAB (connected to the built DC 
microgrid) and then, testing process occur, and finally, the results (that can be 

































Figure 3.36: Project Flowchart. 
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3.6 Gantt Chart of Project 
Table 3.1: Project Gantt Chart 
 
Semester 1 Semester 2 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1. Proposal Stage                             
FYP Proposal Writing & 
Submission 
                            
2. Initial Stage                             
Introduction                             
Literature Review                             
3. Project Preparation 
Stage 
                            
Design of DC microgrid system                             
Selection of components                             
Construction of Hardware 
Model Design 
                            
Simulation of Software Model 
Design 
                            
4. Report Writing Stage                             
FYP 1 Report Writing & 
Submission 
                            
FYP 2 Report Writing & 
Submission 
                            
5. Presentation Stage                             
FYP 1 Presentation                             
FYP 2 Presentation & 
Symposium 








RESULTS AND DISCUSSION 
 
 
4.1 Project Evaluation 
 
After completing the testing stage, the data that were recorded are analysed and 
evaluated by comparing between ring connected solar DC microgrid configuration and 
radial connected solar DC microgrid configuration. After that, the experiment and 
simulation are analysed based on their parameters such as voltage, current and power 
losses. These parameters then useful for determining the reliability and efficiency of the 
configuration and to check whether or not the hardware experiments and software 
simulation fulfils the objectives. Finally, the collected data are translated into graphical 
data to get better presentation of the project’s outcome.  
 
4.2 Input Data  
 
In order to proceed with data evaluation, the most important part is to input the 
data for simulation. The data that are needed as mention in the journal [37], the two crucial 
parameters in conducting simulation test on DC microgrid system are irradiance and 
temperature. The same input data also used in the hardware experiments to validate the 




Based on irradiation data collected during the project testing stage on 20th 
and 21st February 2019. Both results in Figure 4.1 and Figure 4.2 shows that at 
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certain hour, the irradiation results reach an irradiation 1000 W/m2. The 
irradiation levels are higher during afternoon and lower during morning and near 
to evening. The lower levels of irradiations are caused by the high cloud coverage 
on those times. As can be seen in Figure 4.1, there are dips in irradiation happened 
during 12 pm and 4 pm due to sudden cloud coverage on those times on 20th 
February 2019. On the other hand, on 21st February 2019, the dip occurs as shown 
in Figure 4.2, on 4 pm due to the same unfortunate reason. This indicates how 
challenging it is to maximum power output during daytime in Sarawak due to the 
high cloud coverage and rain activities that are not consistent. Therefore, it is 
important to get the most reliable configuration to get the best performance of 
solar DC microgrid. 
 
 


























Figure 4.2: Irradiation versus time on 21st February 2019. 
 
4.2.2 Temperature  
 
From the temperature results in Figure 4.3 and Figure 4.4, the same trend 
also occurs as in the irradiation results as temperature rises to its peak at noon and 
start to decrease approaching evening. Although dips in irradiation happened 
during 12pm and 4pm on 20th February 2019 and during 4pm on 21st February 
2019, the temperature for both days are steady regardless of weather. This 
indicates that Sarawak have a steady temperature during the day but unstable 
cloud coverage.  
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Figure 4.4: Temperature versus time on 21st February 2019. 
 
4.3 Solar DC Microgrid of 12V 
 
The collected data from the hardware experiment are analysed and interpreted in 
the form of graphical for parameters such as voltage, current and losses for the purpose 
of comparison between ring and radial configurations. Then, the graphical results are 
verified by comparing its pattern to the graphical results obtained from software 
simulation. The first test was carried out using 12V solar DC microgrid as an application 
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4.3.1 Voltage at each load 
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Figure 4.7: Voltage at Bus 3 for ring configuration versus time. 
  
As can be seen in Figure 4.5, Figure 4.6 and Figure 4.7, the voltage 
for each load in ring connection is ranging between 12.8V to 13.4V. From 
the experiment, the input voltage obtained is in the average of 13.4V, 
hence it can be said that the voltage at each bus for this configuration is 
±0.6V of its input voltage. The experiment also reinforced by the 
simulation where its result shows the similar pattern as the one in software 
simulation. For the simulation, the input voltage obtained is 12.2V in 
average while the voltage at the buses are ±0.2V of its voltage from the 
source. Therefore, this is a plus point for ring connection because all the 
loads receive equally values of voltage from the source which is similar as 
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Figure 4.10: Voltage at Bus 3 for radial configuration versus time.  
   
From the experiment that was carried out, the voltage for each bus 
in radial connection is in the range of 4.4V to 5.0V as shown in the Figure 
4.8, Figure 4.9 and Figure 4.10 above. The average source voltage 
obtained from the experiment is 14.2V and this value is much higher than 
the value of source voltage from the ring connection. The software 
simulation also shows the similar patterns of resulting voltage at each bus 
as that in the experimental results. For the simulation, the input voltage 
obtained is at the average of 12.5V while the voltage at all the three buses 
are ranging from 4.0V to 4.2V. However, despite the advantage of having 
the high value of the input voltage, the voltage at each bus are smaller 
compared to the one in ring connection. The buses are sharing the equal 
amount of voltage but need to divide the source voltage among all the 
buses according to [42] and therefore, the higher the number of loads, the 
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4.3.2 Current at each load 
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Figure 4.13: Current at Bus 3 for ring configuration versus time.  
 
As can be seen in Figure 4.11, Figure 4.12 and Figure 4.13, the 
current for each bus in ring connection is ranging between 0.2A to 1.1A. 
From the experiment, the input current obtained is in average of 1.78A, 
hence it can be seen that the value of current at each bus is much lower 
that the source current. The experiment also reinforced by the simulation 
where its result shows the similar pattern as the one in software simulation. 
For the simulation, the input current obtained is 2.2A in average while the 
current at the load sides in the range of 0.72A to 0.74A. As mentioned in 
the paper [43] the input current divides the value to the three buses and 
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Figure 4.16: Current at Bus 3 for radial configuration versus time.  
 
From the experiment that was carried out, the current for each bus 
in radial connection is in the range of 1.0A to 1.13A as shown in the Figure 
4.14, Figure 4.15 and Figure 4.16 above while the average source current 
obtained from the experiment is 1.0A. , Therefore, it can be said that the 
currents at each bus for this configuration is ±0.13A of its input voltage. 
The software simulation also shows the similar patterns of resulting 
current at each bus as that in the experimental result. For the simulation, 
the input current obtained is at the average of 0.17A while the current at 
all the three buses are having the average of 0.17A. As can be seen from 
both configurations, radial connection is better at delivering current as the 
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4.3.3 Power losses 
 
 




Figure 4.18: Input power and output power in DC microgrid radial configuration (from 
experiment).  
 
Now for the case of power loss, with reference to [44] it can be determined 
by studying the difference between input power and the output power in the 
system. If the difference between the two powers is less significant, this means 






















the ring connection, the gaps between the input power and output power is greater 
than that of in Figure 4.18 which is the radial connection. In the radial connection 
in Figure 4.18, the difference between input power and output power is very 
insignificant and at some point, the gaps are 0. 
 
 
Figure 4.19: Input power (blue) and output power (yellow) in DC microgrid ring 
configuration (from simulation).  
 
 
Figure 4.20: Input power (blue) and output power (yellow) in DC microgrid radial 
configuration (from simulation).  
 
The simulation also shows similar results as in the hardware, this is 
because from the Figure 4.19 and Figure 4.20 above, the ring connection shows a 
greater gaps between input and output power compared to radial connection 
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despite the same setting of their scale. For radial connection in the simulation part, 
there are nearly no gaps for all the points hence this reinforcing the result in the 
experiment where radial connection is better in term of power loss as it produce 
lesser losses compared to ring connection. However, despite the advantage in term 
of power loss, radial connection produces lesser total power than ring connection. 
 
4.4 Solar DC Microgrid of 24V 
 
In order to verify the discussions above, the second experiment and simulation 
were carried out with the same purpose, which is to determine the behaviour of voltage, 
current and power losses in ring and radial configurations. These next experiments were 
carried out using the same method as before but using 24V system which means the 24V 
loads used, two solar panels used instead of one, two 12V batteries used instead of one 




4.4.1 Voltage at each load 
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Figure 4.23: Voltage at Bus 3 for ring configuration versus time.  
 
As can be seen in Figure 4.21, Figure 4.22 and Figure 4.23, the 
voltage for each bus in ring connection is ranging between 26.0V to 28.9V. 
From the experiment, the input voltage obtained is in average of 28.8V, 
hence it can be said that the voltage at each bus for this configuration is 
±2.8V of its input voltage. The experiment also reinforced by the 
simulation where its result shows the similar pattern as the one in software 
simulation. For the simulation, the input voltage obtained is 24.1V in 
average while the voltage at the buses are ±0.5V of its voltage from the 
source. Therefore, this is a plus point for ring connection because the buses 
do not have to divide the source voltage among themselves and receive 
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Figure 4.26: Voltage at Bus 3 for radial configuration versus time.  
 
From the experiment that was carried out, the voltage for each bus 
in radial connection is in the range of 8.05V to 8.25V as shown in the 
Figure 4.24, Figure 4.25 and Figure 4.26 above. The average source 
voltage obtained from the experiment is 24.7V and this value is much 
higher than the value of source voltage from the ring connection. The 
software simulation also shows the similar patterns of resulting voltage at 
each bus as that in the experimental result. For the simulation, the input 
voltage obtained is at the average of 25.0 while the voltage at all the three 
buses are ranging from 8.19V to 8.38V. However, despite the advantage 
of having the high value of the input voltage, the voltage at each bus are 
smaller compared to the ring connection. According to [42] the buses are 
sharing the equal amount of voltage but need to divide the source voltage 
among all the buses and therefore, the higher the number of loads, the 
smaller the voltage obtained by each load.   
For both configurations above, the pattern of voltage behaviours is 
similar to the one in 12V. Hence this shows that despite different voltage 
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4.4.2 Current at each load 
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Figure 4.29: Current at Bus 3 for ring configuration versus time.  
    
 
As can be seen in Figure 4.27, Figure 4.28 and Figure 4.29, the current for 
each bus in ring connection is ranging between 1.19A to 1.42A. From the 
experiment, the input current obtained is in average of 4.0A, hence similar to the 
experiment of 12V system, it can be seen that the value of current at each bus is 
much lower that the source current. Similar to the 12V system, the experiment 
also reinforced by the simulation where its result shows the similar pattern as the 
one in software simulation. For the simulation, the input current obtained is 4.7A 
in average while the current at the load sides in the range of 1.54A to 1.57A. The 
input current divides the value to the three buses and that is reasons why the 
current at the load side are smaller compared to its input current as studied from 
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Figure 4.32: Current at Bus 3 for radial configuration versus time. 
 
From the experiment that was carried out, the current for each bus 
in radial connection is in the range of 0.447A to 0.463A as shown in the 
Figure 4.30, Figure 4.31 and Figure 4.32 above while the average source 
current obtained from the experiment is 0.45A. Therefore, it can be said 
that the currents at each bus for this configuration is ±0.003A of its input 
current. The software simulation also shows the similar patterns of 
resulting current at each bus as that in the experimental result. For the 
simulation, the input current obtained is at the average of 0.46A while the 
current at all the three buses are having the range of 0.45A to 0.47A with 
the accuracy of ±0.01 of the source current. As can be seen from both 
configurations, radial connection is better at delivering current as the 
current receive at all the buses is close to the same as the current from the 
source.  
When comparing these ring and radial configuration of 24V, the 
results of current shows similar pattern as that of the ring and radial 
configuration in 12V. Therefore, once again, it can be said that the 
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4.4.3 Power losses 
 
 




Figure 4.34: Input power and output power in DC microgrid radial configuration (from 
experiment).  
 
The power losses also determined in the 24V system by investigating the 
difference between input power and the output power in the system. From Figure 
4.33 above which is the ring connection, the gaps between the input power and 






















In the radial connection in Figure 4.34, the difference between input power and 
output power is very insignificant and at some point, the gaps are 0 similar to the 
research from [44]. 
 
 
Figure 4.35: Input power (blue) and output power (yellow) in DC microgrid ring 
configuration (from simulation).  
 
 
Figure 4.36: Input power (blue) and output power (yellow) in DC microgrid radial 
configuration (from simulation).  
 
The simulation also shows similar results as in the hardware this is 
because, from the Figure 4.35 and Figure 4.36 above, even their scale are set to 
be the same, the ring connection shows a greater gaps between input and output 
power compared to radial connection. For radial connection in the simulation part, 
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the gaps at all points are nearly insignificant therefore reinforcing the result in the 
experiment where radial connection is better in term of power loss as it produce 
lesser losses compared to ring connection.  
 
Therefore, in 12V system, it can be seen that voltage distribution at load 
sides for ring configuration is higher that radial configuration. Then, in term of 
current distribution, radial configuration have better current flow than that of ring 
connection. Besides that, ring configuration produce more power loss than radial, 
hence making radial more efficient in term of power loss as mentioned in [46]. 
 
Next, for 24V system, voltage value at each load are also higher than that 
of radial configuration similarly to [47]. Other than that, it can be seen that radial 
configuration is better in delivering current than ring configuration, beside having 
a better efficiency because of its lower power loss referring to [48].  
  
This shows the similarity of behaviour of ring and radial connection 
regardless of different in the voltage distribution level where it can be seen that 
radial connection is better at lessen the power loss than ring connection whether 
the system is 12V or 24V. However, for both 12V and 24V system, despite the 
advantage in term of power loss, radial connection produces lesser total power 








CONCLUSION AND RECOMMENDATION 
 
 
5.1 Conclusion  
 
Based upon the progress of the project during the final year, it can be concluded 
through the analysis and evaluation of the simulated software and hardware experimental 
test that in term of voltage distribution at the load side, ring configuration is more reliable 
compared to radial configuration of solar DC microgrid. Even though radial configuration 
produces higher input voltage, but when it comes to the voltage at load side, the voltage 
is small and become more smaller when there are many loads. Next for the conclusion in 
term of current, this time radial configuration is at an advantage because the current at 
each load is the same with the source current and this make radial configuration better 
when compared to ring configuration. Not only that, in the aspect for power loss, radial 
configuration also better than ring connection because radial connection produces smaller 
losses than that of ring connection.  
 
In a nut shell, since both configurations have their own advantages and 
disadvantages, it can be said that each configuration is better than the other depending on 
the customer’s need. However, for this project where the concern is for Sarawak rural 
area, that does not have station centre, then it can be concluded that ring configuration is 
the more reliable configuration to be used. This is because, it has higher voltage 
distribution at load side compared to radial hence the product of power will also be higher. 
Even though it has greater power loss than radial configuration, the loss is still very loss 
and almost insignificant and also can be reduced further. Last but not least, ring 
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configuration is not only better at lower voltage level but also proven to be reliable and 
efficient when tested at a higher voltage level which is at 24V. 
 
5.2 Recommendation and Future Work  
 
Further recommendation and improvements will be considered in this project 
which would increase the accuracy of the collected results and thus have a clearer overall 
conclusion. The list of recommendations is explained below: 
i. An automated measurement device that can record and collect data automatically 
on both the input parameters (irradiation and temperature) and output data 
(voltage and current) and be able to export to excel file for easier analysis process.  
ii. DC motor can be used other than DC light bulbs to have more variables in the DC 
load section which would help the student to further understand the behaviour of 
parameters in the DC microgrid system. 
iii. More accurate modelling of the simulation system in terms of its specification and 
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